Antemortem diagnosis of generalized ulcerative and pyogranulomatous dermatitis with numerous intralesional tachyzoites was made from skin biopsy specimens from 2 adult dogs on chronic immunosuppressive therapy. A 9-year-old Italian Greyhound was on long-term corticosteroid therapy for the treatment of a lupus-like systemic autoimmune disorder, and a 7-year-old Labrador Retriever had received several months of chemotherapy for lymphosarcoma. The tachyzoites were identified as Neospora caninum by immunoperoxidase immunohistochemistry. Both dogs were treated with clindamycin. Lesions in the Greyhound resolved; however, the Labrador Retriever was euthanized because of evidence of neuromuscular disease, despite improvement of the skin lesions. These 2 cases indicate that cutaneous neosporosis can occur in adult dogs on chronic immunosuppressive therapy. The disease may result from reactivation of a congenital infection and/or a recently acquired primary infection.
penia, mild neutrophilia, and anemia. The dog was initially treated with immunosuppressive doses of prednisone. As a result of the onset of hyperadrenocorticism-like symptoms, prednisone treatment was subsequently reduced to daily antiinflammatory doses 6 months prior to the dog's presentation for nodular skin lesions. Fine-needle aspirates of the ulcerated nodules revealed many segmented neutrophils with some monocytes. After 1 week of antimicrobial therapy with cephalexin, all lesions were exudative and enlarged to Ͼ1 cm. Punch biopsies from the dorsal neck were obtained, fixed in 10% neutral buffered formalin, routinely processed, and embedded in paraffin.
Histologic examination of 5-m sections stained with hematoxylin and eosin (HE) revealed severe, diffuse pyogranulomatous dermatitis with nodular aggregates of lymphocytes and plasma cells in the deep dermis, multifocal epidermal ulceration, and seropurulent crusts. Numerous ovoid intracellular tachyzoites compatible with N. caninum were present within endothelial cells, macrophages, and keratinocytes ( Fig. 1 ).
The identification of N. caninum tachyzoites was confirmed by immunoperoxidase immunohistochemical staining using the murine monoclonal antibody MAB-6G7, IgG2a isotype a (1:1,200), which recognizes low-molecular-mass epitopes (31-97.4 kD) located on bradyzoites, tachyzoites, and cysts of N. caninum (Fig. 2 ). 5 Positive controls consisted of sections of bovine cerebrum containing N. caninum zoites and cysts and spun formalin-fixed tissue culture cells containing numerous intra-and extracellular N. caninum zoites. Tissue sections containing Toxoplasma gondii served as controls to evaluate the specificity of the monoclonal antibody.
Three weeks of cephalexin therapy produced mild improvement. Cephalexin was discontinued and clindamycin was initiated upon definitive diagnosis of Neospora dermatitis. The dog had not exhibited signs of neurologic or other nondermatologic disease, and lesions completely resolved with no evidence of recurrence.
Dog No. 2, a 6-year-old spayed female Labrador Retriever, presented to the Veterinary Internal Medicine Clinic (Milford, OH) with a history of anorexia, exercise intolerance, polyuria/ polydipsia, hind limb weakness, and generalized lymphadenop- athy. Other than mild conscious proprioceptive deficits, there were no other neurologic abnormalities. The hind limb weakness was attributed to mild hypercalcemia (12.1 mg/dl; reference range, 8.8-10.5 mg/dl). Fine-needle lymph node aspirates were consistent with a diagnosis of lymphosarcoma. The hind limb weakness and hypercalcemia resolved within 1 week, and complete remission was obtained within 6 months with a combination chemotherapy protocol using vincristine, L-asparaginase, prednisone, and chlorambucil. A maintenance protocol of prednisone and chlorambucil was instituted and continued until relapse occurred 4 months later. Chemotherapy with actinomycin-D and cytarabine failed, but remission was again obtained with lomustine.
Seven months later, the dog presented again with fever, diarrhea, hind limb weakness, and multiple erythematous skin lesions that were ulcerative on the head and exudative on the thorax and abdomen. These clinical signs were attributable to a secondary problem; the lymphosarcoma was believed to be in continued remission due to the absence of palpable lymph nodes and hypercalcemia. Fine-needle as-pirates of the skin lesions demonstrated purulent inflammation with numerous tachyzoites. Histologic findings from a skin biopsy were similar to those for dog No. 1, and N. caninum tachyzoites were confirmed with immunohistochemistry using the same protocol. Although the skin lesions and hind limb weakness resolved with clindamycin therapy, the dog became febrile, nonresponsive, and laterally recumbent 2 months later, at which time euthanasia was elected.
No necropsy was performed.
The differential diagnoses for protozoal dermatitis in the dog include infection with Caryospora sp., Leishmania sp., N. caninum, Sarcocystis canis, and T. gondii. Confirmed cases of dermatitis have been associated with Caryospora sp. 6 and S. canis 14 23 Amastigotes containing kinetoplasts are pathognomonic for Leishmania. Toxoplasma gondii can infect virtually all body tissues; however, there are no reported cases of cutaneous toxoplasmosis in dogs. 13 Although it is structurally similar to Neospora in cytologic smears and HE-stained sections, Toxoplasma can be differentiated by means of serology, electron microscopy, and immunohistochemistry.
Although canine neosporosis typically presents as progressive ascending paralysis in young dogs, affected animals have ranged in age from several weeks to 15 years, with involvement of virtually any organ system. 2, [10] [11] [12] 27 All cases of cutaneous infection have been in middle-aged or older dogs. Cutaneous neosporosis was first described in a 15-year-old mixed-breed dog from the United States with ulcerative and fistulous cutaneous lesions that began ventrolateral to the anus. 7 Postmortem lesions included interstitial pneumonia, hepatitis, leptomeningitis, myositis, interstitial nephritis, cyclitis, and granulocytic hyperplasia of the bone marrow. A 12-year-old Golden Retriever, also from the United States, had draining nodules on the head and thorax. 13 Affected dogs from other countries include a 6-year-old female Siberian Husky from France with pseudotumoral nodules on the face and front legs, 18 an 11-year-old male Boxer from Israel with ulcerative lesions on the thorax and abdomen, 25 and a 5-year-old Bernese Cattle Dog from Italy with nodular dermatitis on the tarsus. 26 The clinical history in each of these cases was unremarkable, and it was suggested that age-related immunodeficiency might have played a role in inducing or provoking dermal neosporosis in these dogs. 13, 25 Unlike T. gondii, which is considered an opportunistic pathogen, N. caninum is regarded as a primary pathogen. 7 It is not known whether the disease in adult dogs is due to reactivation of a congenital infection or is a recently acquired primary infection. The immune response elicited by the host in response to N. caninum has been characterized primarily through studies in cattle and mice. 4, 16, 20, 21 These studies implicate cellular and humoral immune responses in which interleukin (IL)-12, interferon-␥ (IFN␥), and IL-10 are the key cytokines. It is believed that N. caninum, like T. gondii, induces phagocytic cells to produce IL-12, which stimulates the differentiation of uncommitted T helper (TH) cells toward the TH1 phenotype and therefore promotes cellular immunity. IL-12 stimulates the production of IFN␥ by T cells and natural killer cells. Lymphocytes and phagocytic cells also secrete IL-10, which inhibits IL-12 and potentiates TH2 or humoral responses. This downregulation of the cellular immune response facilitates survival of the parasite and the host.
The clinical histories for the 2 dogs described here were extensive and included chronic immunosuppression by prednisone and various cytotoxic drugs. Reactivation of dormant neosporosis has been demonstrated experimentally with administration of glucocorticoids, 10 which inhibit TH1 and enhance TH2 cytokine secretion. 15 T cells are exquisitely more sensitive than B cells to the cytotoxic effects of drugs such as L-asparaginase, chlorambucil, and cytarabine. 19, 24 Therefore, immunosuppressive therapy in both of these dogs most likely preferentially suppressed cellular immunity, enabling the establishment of clinically apparent N. caninum infection.
Neospora caninum should be included on the list of differential diagnoses for ulcerative and pyogranulomatous dermatitis, particularly in immunosuppressed dogs and in breeds exhibiting increased incidences of neosporosis, such as Basset Hounds, Boxers, Golden and Labrador retrievers, and Greyhounds. 12 Tachyzoites, which are usually abundant, are readily observed by routine histopathology and can be easily confirmed with immunohistochemistry.
